The paper presents a study of urban heat island (UHI) intensity and its impact on air quality by using the System of Air Quality Forecasting and Research (SAFAR) network observations over Delhi during the clear sky month of December of 2013 and 2015. It is found that in the month of December 2013 and 2015 the UHI shows a peak in late evening around 20:00 hrs. The concentration of PM 2.5 shows a bimodal peak in the month of December of both the years 2013 and 2015 which is due to the enhanced anthropogenic activity during the traffic hours. The formation of UHI during the late evening traffic hours is due to the enhancement in the concentration of PM 2.5 due to the enhanced anthropogenic activity with higher ground heat flux and lower PBLH and wind speed which leads to both the years 2013 and 2015 during the month of December. It is also found that UHI intensity shows a positive correlation (r = 0.57) with PM 2.5 concentration and a negative correlation (r = −0.40) with wind speed and the PM 2.5 concentration also shows a negative correlation (r = −0.57) with wind speed during December 2013. Whereas during December 2015 it has found that UHI intensity has a positive correlation (r = 0.65) with PM 2.5 concentration and a negative correlation (r = −0.45) with wind speed and the PM 2.5 concentration also shows a negative correlation (r = −0.57) with wind speed.
Introduction
The Urban Heat Island intensity (UHI) is defined as the temperature difference between representative urban and rural stations [1] . However, due to variations in temperature between the urban and surrounding rural areas, the selection of representative stations is often a problem in UHI characterization, as shown in urban canopy UHI studies [2] , which is associated with the air pollution events in the favourable conditions such as high temperature, low wind speed, PBLH which trigger the air pollution events [3] [4] . The increasing urban population which associates with the demands for space, water, energy, and other resources, has increased pressure on urban environments. This increasing urban population leads to induce a variety of anthropogenic pollution which includes transport, industrial activities, and biomass burning which are in general composed of particulate matter (PM 2.5 ) from mineral dust and combustion processes. These fine mode particulates can directly be emitted by sources or produced by condensation, coagulation, or gas-to-particle conversion, the last being common to combustion sources [5] , which is a key pollutant affecting radiation balance and a main factor in decreasing air quality [6] . The diurnal variations in PM 2.5 concentrations are mostly dominated by the variations in the planetary boundary layer height (PBLH) and source emissions in the urban area. Whereas the diurnal wind patterns are more important factors for PM 2.5 variation in the rural area [7] . Urban areas have obvious effects on particulate matter, related closely with PM 2.5 concentration, which is mainly effected from the daily activities, such as vehicle exhaust, marine aerosols, coal and fuel combustion, burning of agricultural wastes, paved road dust, and secondary sulfates, etc., [8] [9] .
A fundamental variable PBLH, which determines many tropospheric processes which are critical to air pollution, such as aerosol distributions, convection activity, cloud and fog formation. Thus, PBLH plays a key role in weather, climate, and air quality models to determine turbulence mixing, vertical diffusion, convective transport, cloud/aerosol entrainment, and atmospheric pollutant deposition [10] [11] [12] [13] .
The purpose of the work is to study the UHI and its impact on air quality by using SAFAR Network for two different years 2013 and 2015 during clear sky condition for winter month over New Delhi.
Study Area
The domain of the study is the National capital region of India, Delhi which is located on the banks of the Yamuna River in the subtropical belt region of Indian sub-continent. It is a city geographically surrounded by the land situated at latitudinal (28.2˚N to 29.0˚N) and longitudinal (76.6˚E to 77.5˚E) as shown in Figure 1 covering an area of 1483 km 2 with altitude of about 216 m amsl. Delhi has an extreme climate with annual temperatures ranging from below 3˚C in winters rises to greater than 45˚C in summers and average rainfall of 61cm most of which occurs during the monsoon season. The year can be broadly divided into four distinct seasons, viz. pre-monsoon (March-June), monsoon (July-September), post-monsoon (October-November), and winter (December-February).
Summers are long and extremely hot accompanied with frequent dust storms.
Humidity level is high during the monsoon season, while the air is dry during 
Data and Methodology

Observational Datasets
In this study we mainly focus on the hourly 
Model Datasets
The regional simulations in this study use the regional Advanced Research of WRF version 3.7. Our model simulation covers the PBLH and ground heat flux for the winter seasons (Dec) 2013 and 2015 respectively. The simulations were run at a three interactive domains with spatial resolution of 9 km, 3 km and 1 km which covers Part of North India (22˚N-34˚N -71˚E-84˚E), second Domain covers complete Delhi and outer boundaries (25˚N-32˚N -73˚E-80˚E) region and Third domain covers Delhi (27˚N-30˚N -75˚E-78˚E). The vertical grid contained 32 full sigma levels from the surface up to 50-hPa. Approximately eight of these levels were below 1 km, thereby providing a fine vertical resolution within the planetary boundary layer. The meteorological fields for driving WRF were taken from NCEP/FNL meteorological reanalysis fields (FNL) as provided by NCAR (http://rad.ucar.edu/datasets/ds083.2/). Other physical schemes include: [15] microphysics scheme, Dudhia shortwave radiation scheme [16] , RRTM longwave radiation scheme [17] , while no cumulus convection scheme is used for the inner domain of the model, the Kain Fritch cumulus convection scheme is applied for the outer layer. Monin-Obukhov surface layer scheme [18] , Yonsei University boundary layer scheme and the Noah land surface model.
A simulation of the particular intricacies of such an environment is heavily influenced by its depiction of the planetary boundary layer (PBL)-that portion of the lower troposphere directly affected by the earth's surface via tropospheresurface exchanges of heat, moisture, and momentum on sub hourly time scales [19] [20] . Exchanges of moisture, heat, and momentum occur within the PBL through mixing associated with turbulent eddies. These eddies influence the way in which lower-tropospheric thermodynamic and kinematic structures evolve. Such eddies operate on spatiotemporal scales that cannot be explicitly represented on grid scales and time steps employed in most Mesoscale models. As such, their effects are expressed in these models via the use of PBL parameterization schemes, whose theoretical development is outlined in multiple sources addressing the subject [19] [20] [21], here we use YSU PBL scheme the main advantage of this scheme is more accurately simulates deeper vertical mixing in buoyancy-driven PBLs with shallower mixing in strong-wind regimes [22] .
Results and Discussions
Diurnal Variation of UHI, PM2.5, PBLH, Ground Heat Flux and Wind Speed during December 2013
Figures 2(a)-(d) shows the diurnal variation of UHI with PM 2.5 , PBLH, ground heat flux and wind speed during the month of December 2013. From Figure  2 (a) it is seen that UHI starts increasing after the sunrise hours and continues to increase till late in the evening and peaks around 20:00 hrs in the evening with a magnitude ~1.5˚C. The PM 2.5 concentration over CVR and IITMD sites shows the bimodal pattern with a peak during morning traffic hours around 09:00 hrs and a second higher peak in the evening traffic hours around 20:00 hrs compares to the peak in morning. The evening peaks in the UHI intensity and the PM 2.5 concentrations are almost at the same hours. The diurnal variation of PM 2.5 concentration at the IITMD location follows the same trend with a lesser in the concentrations compared to the CVR site. The peaks in the concentration of PM 2.5 during the traffic hours are due to the enhanced anthropogenic activity wind speed etc., [24] . The PBLH remains at constant height after the sunset to the sunrise hours. After the sunrise the PBLH starts increasing and attains a peak during the daytime in the morning traffic hour around 10:00 hrs with a peak in the UHI around the same time, then it starts decreasing thereafter. The PBLH follows the same pattern at the IITMD site with lower value at the night time and higher during the day time for December 2013. The PBLH variability is dominated by the strong diurnal cycle. At the nighttime as the surface layer becomes stable because of infrared radiative cooling, so the PBLH is typically shallow and however, it grows deep in daytime because of solar heating cause's convective unstable conditions [25] . 
Diurnal Variation of UHI, PM2.5, PBLH, Ground Heat Flux and Wind Speed during December 2015
Figures 3(a)-(d) shows the diurnal variation of UHI with the PM 2.5 , PBLH, ground heat flux and wind speed during the month of December 2015 for both the CVR and IITMD sites. From Figure 3 (a), UHI shows a decreasing trend till the sunrise in the morning and then starts increasing thereafter and peaks in the late evening during traffic hours around 20:00 hrs. The peaks in the concentration of PM 2.5 over CVR and IITMD sites also shows a bimodal patter with a peak in the morning traffic hours around 09:00 hrs while the second peak during the late evening traffic hours around 20:00 hrs, whereas PM 2.5 concentrations at the IITMD site shows the same pattern and trend with lower in the magnitude [7] [23]. wind speed etc., [24] . The PBLH remains constant after the sunset till the sunrise hours. After the sunrise the PBLH starts increasing and attains a peak during the daytime around 10:00 hrs with a peak in the UHI in the morning traffic hour around the 09:00 hrs, then it starts decreasing thereafter. The PBLH follows the same pattern at the IITMD site with a lower value at the night time and higher during the day time. The PBLH variability is dominated by the strong diurnal cycle [25] . Table 1 show that during the daytime mean concentrations of PM2.5 which is reduced by ~11% and ~5% over the CVR site and IITMD site respectively, while there is a reduction of ~9% and ~12% in the PBLH over CVR and IITMD sites.
Regression Analysis of UHI
However the ground heat flux has increased ~11% and 15% over the CVR and IGI sites respectively. Whereas the wind speed have reduced by ~3% and ~6% at CVR and IGI sites respectively. Table 2 shows the nighttime mean concentrations of PM 2.5 which have been reduced by ~14% over the CVR site and ~4% at the IITMD site. The PBLH has reduced by ~3% and ~23% at the CVR and IITMD sites respectively. However the ground heat flux has increased ~25% at both the CVR and IITMD sites respectively. Whereas the winds speed has an increase ~3% at CVR and decreased by ~7% at the IITMD sites. found that the average UHI intensity was almost the same during the day and night times, while the daytime UHI intensity during the month of December 2015 is more than the nighttime UHI intensity.
Conclusions
The and wind speed shows a strong negative correlation at both the sites CVR (r = −0.57, significant at 0.001) and IITMD (r = −0.31, significant at 0.001).
